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@ Bleach compositions. 

(57) A bleach composition comprises an active 
halogen or a peroxy bleach material, preferably 
hypochlorite ; surfactant ; and polymeric thick- 
ener comprising charged, hydrophilic monomer 
and uncharged hydrophobic monomer. The 
polymeric thickener preferably comprises a 
copolymer of methacrylic acid and styrene hav- 
ing proportions (wt%) of methacrylic acid and 
styrene ranging from 80 :20 to 20 :80, and pref- 
erably comprises 54 wt% methacrylic acid and 
46% styrene, with a molecular weight of about 
100,000 and substantially no cross-linking. The 
polymeric thickener acts to enhance thickening 
and enables use of a wider range of surfactants 
than hitherto possible. 
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Field of the invention 
°*$<Qroun 4tot he Invention 

and the pnor art referred to in those documents. ( * Gamb,e) and Ep 03 ^19 (Unilever) 

Summary of the Invent;™ 
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uncharged, hydrophobic monomer. P ° lyrnerlCthlckenercom P"^ng charged, hydrophilic monomer and 

ton. carboxylic acids and their derivatives SSSSiS ne IT?™ itaC ° niC 3Cids and oth " * 

ethers, eg bu ty.aily. ether unsat^atedhy roca^ * b ^ viny, ether; J ¥ 

— ,e,di,a U r,pero X id,^ 

-^^^ 

hen this has a deleterious effect on thickening iwiSZSS ^^^^^^ 
the polymer is ^ hign , tnen c|an , y and stabj| .^ 

One particularly preferred polymer comorise, Jw^/ T be advers <"y affected, 

weight of about 10 0,000 and slL^^^ ^ 46% StVrene ' "» ■ -lecu,ar 

and to be an effective thickener in hypochlorite^ P ^ ' S f ° Ur,d t0 be "ypochlonte-stable 

Present in an amoum from 0.1 to 7 5% bT^arac " 

Suitable amounts for any particular Z^oTZ T^T* ° h 1° 3% * "* 38 aCtive « 
b each concentration, target viscosity and other considera ^ by ex P erime ™. depending on 

bleach materia,, the greater the amount of poC^Jr^^^^^ ,te » nc ^" of 
The bleach materja| CQm p y TJ^TJ™* J 0 qU ' red t0 aChieve 3 9 iven viscosity, 

peracjds and salts thereof, and hydrogen peS a^^T"T " OT We " known in ,he '"eluding 
material comprises one or mom halogen oS^^^SS"* h ° Wever ' lhe b '^h 

and alkahne earth salts of hypohalite, haloamines ha'loTmt« h , the art " indudin 9 *»<ali metol 
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(Na salt 4E0), Empimin KSN and Perlankrol ESD (both Na salt, 3 EO), alcohol sulphates, eg lauryl alcohol 
sulphate, such as those sold under the Trade Names Empicol LZV and Empicol LX28, tallow alcohol sulphates, 
such as those sold under the Trade Name Empicol TAS30, alkyl benzene sulphonates, eg that sold under the 
Trade Name Nansa SL30, paraffin sulphonates, eg that sold under the Trade Name LutensitA-PS, alkyl phenol 
5 ether sulphates, eg. those sold under the Trade Names Perlankrol PA cone, Perlankrol SN, and Perlankrol 
RN75, alcohol ethoxylates, eg. those sold under the Trade Names Dobanol 91-6, Ethylan CD 91-6, Empilan 
KC8 and Synperonic A7, nonylphenol ethoxylates, eg that sold under the Trade Name Ethylan BCP, sodium 
carboxylates (soaps) (salts of fatty acids) manufactured from fatty acids such as those sold under the Trade 
Names Prifac 7908, and Prifac 6920, by neutralisation of the acid with a base eg sodium hydroxide or trietha- 
10 nolamine; alkyl ether carboxylates, eg that sold under the Trade name eg. Olin CS1 , alkyl polyglucosides, eg. 
those sold under the Trade Name Plantaren, EP/PO block copolymers, eg those sold under the Trade Plurafac, 
Triton, and Monolan PC, alkyl diphenyloxide sulphonates eg. that sold under the Trade Name Dowfax3B2 p fatty 
acid amides, eg those sold under the Trade Names Empilan CME/CDE, acyi sarcosinates, alkyl taurides, sul- 
phosuccinates, eg that sold under the Trade Name Empimin OT, alpha-olef in sulphonates, phosphate esters 
15 (alkyl and/or aryl), eg those sold under the Trade Name Phospholan, ethoxyated fatty acids, triethanolamine 
lauryl sulphate, eg that sold under the Trade Name Empicol TL40, triethanolamine alkyl benzene sulphonate, 
eg that sold under the Trade Name Nansa TS50, sodium alpha olefin sulphonate, eg that sold under the Trade 
Name Nansa LSS38. 

Suitable mixtures of surfactants are generally found to give good results. 
20 The composition is preferably substantially free of nonionic surfactant and nitrogen-based surfactant. 

Good results have been obtained with lauryl ether sulphates, eg those sold under the Trade Names Em- 
picol ESB3 (lauryl ether sulphate, Na salt, with 2 ethylene oxide units (2EO)), and Empicol MD (lauryl ether 
sulphate, Na salt, with 4 EO). A mixture of these two surfactants, eg in wt proportions of active matter of MD: 
ESB3 of 2:1, is found to give particularly good results in a hypochlorite bleach composition. 
25 Surfactant is conveniently present in an amount in the range 0.5 to 5% by wt active matter, typically about 

2% to 3% by wt active matter. 

It is found that with compositions in accordance with the invention, including polymeric thickener, thicken- 
ing of hypochlorite bleach can be obtained with less surfactant (typically 2-3% by wt active matter) than is pos- 
sible in the absence of polymer. It is thought the polymer acts as a hydrotrope, and thickening arises due to 
30 the interaction of the polymer with surfactant rod micelles and not solely from the swelling of the polymer. As 
a result of these interactions, marked increases in viscosity can be obtained. Compositions in accordance with 
the invention can thus be more cost-effective than conventional compositions. 

For a high bleach composition, (typically containing about 3-6% by wt active hypochlorite), such as a toilet 
or drain cleaner, it is found appropriate to use one or more relatively soluble surfactants (i.e. a surfactant for 
35 which a 10% solution in water has a cloud point below about 0 Q C, preferably below -3°C). If a surfactant of 
lower solubility is used, the surfactant will generally salt out and so not be appropriate. 

Suitable relatively soluble surfactants include sodium lauryl ether sulphate (SLES) eg Empimin KSN or 
Perlankrol ESD, triethanolamine lauryl sulphate, eg Empicol TL40, and triethanolamine alkyl benzene sulphon- 
ate, e.g. Nansa TS50. 

40 For a low bleach composition (typically containing up to 3% by wt active hypochlorite), such as hard surface 

and multisurface cleaners, it is found appropriate to use a mixture of relatively soluble surfactant (as defined 
above) and relatively insoluble surfactant (i.e. a surfactant for which a 10% solution in water has a cloud point 
above 0°C). Such relatively insoluble surfactants do not have a tendency to form hexagonal liquid crystal struc- 
tures: instead these surfactants form lamellar liquid crystal structures at higher concentrations in water or hy- 
45 drated crystalline structures. 

Suitable relatively insoluble surfactants include sodium alkylbenzene sulphonate (LABS), e.g. Nansa 
SL30, sodium lauryl sulphate, e.g. Empicol LX28 and sodium alpha olefin sulphonate, e.g. Nansa LSS38. 

The viscosity of such low bleach compositions can be controlled by varying the proportions and/or amount 
of relatively soluble surfactant and relatively insoluble surfactant 
so Bleach products containing less than 3.0% active sodium hypochlorite have hitherto been particularly dif- 

ficult to thicken with surfactants and mixtures of surfactants. This is due to insufficient electrolyte being present 
to bring about the necessary reductions in surfactant solubility. As surfactant solubility decreases rod micelles 
form and through tangling increase the solution viscosity. Increases in electrolyte level through additions of 
sodium chloride merely catalyze the decomposition of the sodium hypochlorite, and hence cannot be made. 
55 The present invention can thus overcome such difficulties. 

For both high and low bleach compositions good thickening can be obtained with 2-3% by wt active matter 
surfactant and about Vi% by wt active matter polymer. 

The cleaning properties of such compositions have been tested and found to be good. 
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The composition may optionally include BtartnTkT . ■ . "^effectiveness, 
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The composition may also optionally include buffer ^ hypochl ° nte Wl " be adversely affected. 
14 eg about 1 3, are genera,* ap^ata oe^d Jsc" ? ^ PHS ' betwee " « «• 
both as electrolyte and buffer. '° achieve des.red wscosrty and stability. Some reagents function 

b e «^22SSKSK5ar* — - — may 

prefe^SaXrX^drrabt ? f ^ -* the 

a molecular weigh, of about 1 00,000 KSSSS 9 3Cld a " d 46% st ^ 

amount of hypochlorite is greater than about 3% by wfaS I f ' nked) ' a " d SUrfactam - the 
sulphate (SLES, . Where the amount of hypochlorite S 2 1 ^? C ° mPriSeS SOdium laur * et ^ 
pnses a mixture of sodium alkylbenzene su^honate f^ 1„h ^ f ^ the surfactant «*>. 
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Reactor charge 
Deionized water 
Crodafos N3A 
.910 Ammonia soln, 
Empilan KB 3 



4500 
1 12. 

37. 
180 



Heat to 80 °C 
under nitrogen 



15 



20 



Initial monomer 
Methacrylic acid 
Styrene 



210 
150 



Add at 70 °C hold a 
further 15 mins. 
once the reactor 
temperature reaches 
80°C. 



25 



Initial catalyst 

Potassium persulphate 3 

Deionized water 280 



Add at 70 *C with 
init. mons. 



30 Monomer ( slow-add ) 
Deionized water 



3750 



Add over 3 hours at 
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Crodafos N3A 112.5 

Empilan KB3 1 80 

Methacrylic acid 2250 

Styrene 1935 

Catalyst (slow-add ) 

Potassium persulphate 4.5 

Deionized water 1200 



80 °c. 



Add over 3j hours 



Scavenge 

Potassium persulphate 3 
Deionized water 900 



Add over 1 hour 



The procedure used was as follows. 
55 The initial charge of deionised water and surfactants were added to a 15 litre stainless steel reactor fitted 

with a lid which has inlet ports for an agitator, water condenser and for the addition of monomer and initiator 
solutions. The contents of the reactor were heated to 80°C under nitrogen. 

At 70°C a portion of the monomer and initiator solution were added to the reactor and were allowed to ini- 
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parature was maintained at 80°C for a furtheM hJu ■ to^ill a ^ """^ addiU ° n ,he reactor te "^ 
of the 1 hour hold the emulsion polymer was IJS to ^Z 30^ TT 

The resulting product was an aqueous disperafon of f J " a " d transfefred storage, 

typical properties. Q d.spers.on of methacryl,c acd/styrene copolymer, with the following 

= 31.75% 
= 2.6 

= 30mPas 



Solids 
PH 

Brookf ield Viscosity (2/20rpm) 



§xample2. Behaviour of Polymer A in 5% Sodium M yn ^K^ 



1, 


Empicoi MD 


2% 




Empicol ESB3 


1% 




Polymer A 


1.74% 


I 


NaOCI 


5% 








2. 


Empicol MD 


2% 






Empicol ESB3 


1% 






J NaOCI 


5% 





This mixture was non-homogeneous and 



separated overnight. 



3. 


Polymer A 


1.74% 




Deionised water 


J^alanceto 100% , 



4. 


Polymer A 


1.74% 




NaOCI 


5% 



45 



55 



In all cases the pH was adjusted to 13 with NaOH 
a^cXa"^ 

and hatched bars % transmission SKaph.cally ,n F,gure 1, with solid bars indicating viscosity 

t^STa^ 

h yP""'°rite(mixtu^ 

occuring between the polymer anc Isurfactani [ lntenrnSofbo,hcla " t y and viscosity. A synergistic effect is thus 

prepare polymer A. P°'ymer ti) was prepared by a similar process to that used to 

Various mixtures of this polymer B H 74% hv ^ .~h. m . * . 
sodium hypochlorite (1.6% by v£ active Vera 22 up 1 D H a H ! 2? *! " **» ^ ESB3 ) a <" 
20 rpm and % transmission at450 nm were tested I an nTS^ t '° 13 Na0K The visc ° si 'y ■« 

tested, and the results are shown graphically in Figure 2. 

6 



EP 0 636 691 A2 



In Figure 2, as in Figure 1, solid bars indicate viscosity and hatched bars % transmission. The mixtures 
tested (with results in correspondingly numbered bars in Figure 2) were as follows: 

1. Surfactant + polymer A in bleach 

2. Polymer A in bleach 

5 3. Surfactant + polymer A in water 

4. Polymer A in water 

5. Surfactant in bleach 

6. Surfactant + polymer B in bleach 

7. Polymer B in bleach 

10 8. Surfactant + polymer B in water 

9. Polymer B in water. 

The results of Examples 2 and 3 show that cross-linked polymers generally give higher viscosities but lower 
clarities in hypochlorite than do non-cross-linked polymers. Further work (details not included) has shown that 
the effect is magnified in the presence of perfume/fragrance. 
15 Similar experiments using 5% hypochlorite solutions show that cross-linked polymers are less compatible 

with these systems leading to cloudier solutions which are more unstable. 

Based on this and other experimental data, a thickened bleach composition suitable for general domestic 
use was prepared. 

20 Example 4 . Thickened bleach composition using polymer A 



A thickened 5% hypochlorite formulation was made by mixing the following ingredients: 



Component 


Use Level (%) (% w/w active matter) 


Empicol MD (30% active) 


2 


Empicol ESB3 (27.5% active) 


1 


Polymer A (31 % active) 


1.74 


Sodium hypochlorite (14% active) 


5 


Fragrance 


0.3% 


Water 


100% 



35 

pH was adjusted to 13 with 4% caustic. 

The resulting composition had a clear aspect and a viscosity (Brookfield) 3/20 rpm of 275 mPas. and is 
suitable for use eg as a domestic multi-surface cleaning product. 

40 Example 5 

Experiments were carried out on compositions comprising polymer A, sodium hypochlorite and various sur- 
factants, and from the information obtained suitable formulations for a hard surface cleaner and a lavatory 
cleaner with bleach were obtained. 

45 Formulations containing polymer A were made using the following addition order of ingredients. The poly- 

mer was first dispersed in deionised water before caustic solution was added. When fully neutralised to pH1 3, 
the relatively soluble surfactants were added with gentle stirring followed by addition of the cosurfactant, fra- 
grance and dye. Lastly, sodium hypochlorite solution was added dropwise and the formulation stirred for a fur- 
ther 10 to 15 minutes before a measurement of initial viscosity was made on a Haake viscometer. 

50 Results are given in Table 1: 
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sMarts FOrmU,ati0nS COntainin 9 fixtures of soluble 


INGREDIENTS 


% W/W ACTIVE 


Polymer A 
Sodium Laurylether 
Sulphate (Perlankrol ESD) 
Amine Oxide 
Sodium Hypochlorite 
Sodium Hydroxide 
Viscosity AT 106s- 1 


0.5 

2.0 
0.5 
2.0 
0.7 
460 mPas 


0.5 

1.3 
1.3 
2.0 
0.7 
220 mPas 



raw material coats reduced. At a given surfactant levefoM nT ? ^ ° ' mPr ° Ved 3nd more ""PortanUy 
lankrol ESD) (SLES) and alkylbeLne su S (Nanl ^2^^^ ° f ether SU ' pha,a < Per " 
ened by the addition of 0.5% active polymer I f omXZ t^ I ? " 9 2% W/W b ' e8Ch are thick " 
ative proportions of ether sulphate and h£ ^beS ^ slhonl .f'^ "* by a,,erin 9 the 
bars indicating viscosity and hatched bJS«2K£5S . « ^ *°" m Fi£,Ure 3 ' w ' th "* 
A. Viscosity measurements were taken ^ct^^^ T miCk6ned ° 5% P 0 *™ 
length 1cm. The mixtures tested (with results in c-^ T , measurements "»» 'aken at 450 nm, path 
lows: 160 lW,th reSults 10 «"espond,ngly numbered bars) included surfactant as fol- 

1. 3% Perlankrol ESD 

2. 2% Perlankrol ESD, 1% Nansa SL30 

3. 1.75% Perlankrol ESD, 1.25% Nansa SL30 
4. 1.5% Perlankrol ESD, 1.5% Nansa SL30 

vl.coM>. ^rtw^mm can. Fk, ^.4r,o2T.i™ . ' , "^ ! ^ Mn ™ ll ^ fo -«lon 







40 


INGREDIENT 


% W/W ACTIVE 




Polymer A 


0.5% 




LABS 


0.5% 


45 


Sodium Lauryl Ether Sulphate 


2.0% 




Sodium Hydroxide 


0.7% 




Fragrance 


qs 


50 


Dye 


qs 




Sodium Hypochlorite 


2.0% 



55 



cosity measurements J .time on v io" ^S3E2 ' ^ Results * vis ' 

viding an indication of stability with time SSamp ' eSrnadew,thout prance or dye are shown in Figures, pro- 
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Example 6 

An assessment of the wetting and cleaning efficiency of several formulations containing Polymer A com- 
pared to a control and commercially available products was made as follows. 

5 A model soil comprising of 100g olive oil, 10g instant coffee and 10g of carbon black was applied in thin 

films to 3 clean, dry ceramic tiles and the soiled tiles conditioned in an incubator for 2 days at 40°C. A 1g aliquot 
of one of the formulations or a commercial product was pipetted onto the centre of a tile and after 2 minutes, 
an estimte of the area over which the liquid had spread was made. The wetted area was then rubbed with a 
small brush with light pressure. The amount of soil removed was assessed visually by estimating the area of 

10 tile exposed by rubbing. 

The cleaning efficiency of Formulation A was assessed by this method. Results are given in Table 2. A 
non-optimised formulation comprising ether sulphate and amine oxide cleaner with 0.5% polymer was used 
as a control, and results were also obtained for a commercially available multi-surface cleaner. Results are 
given below. 

15 

Table 2 - 



25 



Cleaning efficiency of Formulation A compared to a commercial brand. 


FORMULATION 


SPREADING PROPERTIES 


CLEANING EFFICIENCY 


Formulation A 

Commercially available 
multi-surface cleaner 

Control 


Good 
Very Good 
Poor 


Good 
Good 
Poor 



Example 7 

30 

With the benefit of this information, a cost effective low viscosity lavatory cleaner formulation with lower 
total surfactant levels can be obtained, as specified in formulation B below. 



35 


FORMULATION B: Lavatory Cleaner with Bleach 


INGREDIENT 


%W/W ACTIVE 




PolyerA 


0.5% 




LABS 


0.4% 


40 


Sodium Lauryl Ether Sulphate 


1.7% 




Sodium Hydroxide . 


0.7% 




Fragrance 


qs 


45 


Dye 


qs 




Sodium Hypochlorite 


2.0% 



Formulation B has an initial viscosity of 300 mPas at a shear rate of 106s~ 1 ! 

50 

Example 8 



At higher levels of bleach (greater than 3%), the dissolved electrolyte levels are sufficient to effect sur- 
factant thickening. However, there are still limits to the viscosities that can be achieved often due to the fact 
that the level of electrolyte is fixed. In this instance, low levels of polymer A can be used to increase viscosity 
or to lower the amount of surfactant required to achieve target viscosity. 

A thickened formulation containing 5.0% active sodium hypochlorite can be made as follows: 
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FORMULATION C: Premium thick*™,! «„..„ Prni1l|rt ~~ 


INGREDIENT 


%W/W ACTIVE 


r uiymer A 


1.0% 


Sodium Laurylether Sulphate 


3.0% 


Sodium Hydroxide 


0.7% 


Fragrance 


qs 


Dye 


qs 


Sodium Hypochlorite 


5.0% 


Viscosity 


130 mPas at shear rate of 106s-i 



Significant increases in vJay^S^JZ"*? °" ^ °' P ° lymer A " 
•ation at 1 % w/w active poiymer. ZZZ^Z* * " h "°»«- a 



Table 4 



Hypochlorite 




INGREDIENT 


%W/W ACTIVE 


Polymer A 










1.0 


Sodium Lauryl Ether 






Sulphate 


3.0 


3.0 


Sodium Hypochlorite 


4.0 


4.0 


Viscosity 


Phase separation occurs 


35 mPas 



Claims 
1. 



3. 



4. 



Ptona* «,„,„, w honlo ^ J"" 5 Z^?™?"*"***""****.'*- 
W»*ta». M mixtures KM hWroph „, c *"""* te ' ** 

from 80:20 to 20:80. proportions (wt / 0 ) of methacrylic acid and styrene ranging 
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tially non cross-linked. 

6. A composition according to any one of the preceding claims, wherein the polymeric thickener has a mo- 
lecular weight of about 100,000. 

7. A composition according to claim 6, wherein the polymeric thickener comprises 54 wt% methacrylic acid 
and 46% styrene, with a molecular weight of about 100,000 and substantially no cross-linking. 

8. A composition according to any one of the preceding claims, wherein the polymeric thickener is present 
in an amount from 0.1 to 7.5% by wt as active material, preferably 0.5 to 3% by wt as active material. 

9. A composition according to any one of the preceding claims, wherein the bleach material comprises one 
or more halogen compounds, including alkali metal and alkaline earth salts of hypohalite, haloamines, ha- 
loimines, haloimides and haloamides. 

10. A composition according to claim 9, wherein the bleach material comprises hypochlorite or compounds 
producing hypochlorite in aqueous solution. 

11. A composition according to claim 10, wherein the bleach material comprises sodium hypochlorite, prefer- 
ably in an amount ranging from 0.2 to 15% by weight, more preferably 0.2 to 10% by weight. 

12. A composition according to anyone of the preceding claims, wherein the surfactant comprises one or more 
surfactants selected from the following: alkyl ether sulphates, eg lauryl ether sulphate, alcohol sulphates, 
eg lauryl alcohol sulphate, tallow alcohol sulphates, alkyl benzene sulphonates, parafffin sulphonates, 
alkyl phenol ether sulphates, alcohol ethoxylates, nonylphenol ethoxylates, sodium carboxylates (soaps) 
(salts of fatty acids), alkyl ether carboxylates, alkyl polyglucosides, EP/PO block copolymers, alkyl diphe- 
nyloxide sulphonates, fatty acid amides, acyl sarcosinates, alkyl taurides, sulphosuccinates, alpha-olef in 
sulphonates, phosphate ester (alkyl and/or aryl), ethoxyated fatty acids, triethanolamine lauryl sulphate, 
triethanolamine alkyl benezene sulphonate, sodium lauryl sulphate, sodium alpha olefin sulphonate. 

13. A composition according to any one of the preceding claims, wherein surfactant is present in an amount 
in the range 0.5 to 5% by wt active matter, preferably about 2% to 3% by wt active matter. 

14. A composition according to any one of the preceding claims, comprising over about 3% by weight active 
hypochlorite, wherein the surfactant has a cloud point below about 0°C. 

15. A composition according to claim 14, wherein the surfactant comprises one or more of the following: so- 
dium lauryl ether sulphate, triethanolamine lauryl sulphate and triethanolamine alkyl benzene sulphonate. 

16. A composition according to any one of claims 1 to 13, comprising less than about 3% by weight active 
hypochlorite, wherein the surfactant comprises a mixture of surfactant having a cloud point below about 
0°C and surfactant having a cloud point above about 0°C. 

17. A composition according to claim 16, wherein the surfactant having a cloud point below about 0°C com- 
prises one or more of the following: sodium lauryl ether sulphate, triethanolamine lauryl sulphate and trie- 
thanolamine alkyl benzene sulphonate, and the surfactant having a cloud point above about 0°C com- 
prises one or more of the following: sodium alkyl benzene sulphonate, sodium lauryl sulphate and sodium 
alpha olefin sulphonate. 

18. A composition, according to any one of the preceding claims, further comprising electrolyte. 

19. A composition according to any one of the preceding claims, further comprising buffer. 

20. Acomposition according to any one of the preceding claims, having a pH between 11 and 14, preferably 
about 13. 

21. A composition according to any one of the preceding claims, further comprising one or more of the fol- 
lowing: fragrance, colouring agents, whiteners, solvents and builders. 

22. A composition according to any one of the preceding claims, wherein the bleach comprises hypochlorite 
and the polymeric thickener comprises 54% methacrylic acid and 46% styrene with a molecular weight 
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of about 100,000, being substantially 



non-cross-linked. 



sulphonate. mMure of sod,um a, M benzene sulphonate and sodium lauryl ether 
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Fig. 3 
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VISCOSITY (mPa.s) 



400 




300 - 



200 - £= 



100 - 



INITIAL 



1 WEEK 6 WEEKS 
STORAGE TIME 



■ 2%, ESD, 0.5°/ 0 SL30 AMBIENT 

M 2% ESD, 0.5 V. SL30 FREEZE THAW 

@ 2% ESD, 0.5°/o SL30 OC STORE 

E3 1.3% ESD, 1.3°/oOB AMBIENT 

H 1.3% ESD, 1.3 •/•OB FREEZE THAW 
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